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ABSTRACT
The Small Magellanic Cloud (SMC) Be/X-ray binary pulsar SXP6.85 = XTE J0103-728 un-
derwent a large Type II outburst beginning on 2008 August 10. The source was consistently
seen for the following 20 weeks (MJD = 54688 - 54830). We present X-ray timing and spec-
troscopic analysis of the source as part of our ongoing Rossi X-ray Timing Explorer (RXTE)
monitoring campaign and INTEGRAL key programme monitoring the SMC and 47 Tuc. A
comparison with the Optical Gravitational Lensing Experiment (OGLE) III light curve of the
Be counterpart shows the X-ray outbursts from this source coincide with times of optical
maximum. We attribute this to the circumstellar disk increasing in size, causing mass accre-
tion onto the neutron star. Ground based IR photometry and Hα spectroscopy obtained during
the outburst are used as a measure of the size of the circumstellar disk and lend support to this
picture. In addition, folded RXTE light curves seem to indicate complex changes in the geom-
etry of the accretion regions on the surface of the neutron star, which may be indicative of an
inhomogeneous density distribution in the circumstellar material causing a variable accretion
rate onto the neutron star. Finally, the assumed inclination of the system and Hα equivalent
width measurements are used to make a simplistic estimate of the size of the circumstellar
disk.
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Clouds
1 INTRODUCTION
Be/X-ray binaries are systems in which a neutron star orbits a mas-
sive, early type star that at some stage has shown evidence of line
emission in the Balmer series. The neutron star accretes via interac-
tions with an extended envelope of material in the equatorial plane
of the Be star. These systems typically have wide, eccentric orbits
meaning most X-ray outbursts are associated with the neutron star’s
passage through periastron. These Type I outbursts are generally in
the luminosity range 1036 − 1037ergs−1 and last a few days. The
less common Type II outbursts are brighter, & 1037ergs−1, and have
no correlation with orbital phase. They can last from a few days to
several months, depending on the size and state of the circumstellar
disk.
The Small Magellanic Cloud (SMC) is known to house ∼ 60
such Be/X-ray binary systems (Coe et al. 2008; Corbet et al. 2008),
⋆ E-mail: ljt203@soton.ac.uk (LJT)
making up all but one of the known High Mass X-ray Binary
(HMXB) population (SMC X-1 being the only known supergiant
system). McBride et al. (2008) present spectral classification of the
counterparts to a large fraction of these systems and show that the
spectral distribution is consistent with that of the Galaxy, despite
the lower metallicity environment.
The source that is the subject of this paper is the SMC Be/X-
ray binary pulsar SXP6.85 = XTE J0103-728. It was first de-
tected in 2003 by the Rossi X-ray Timing Explorer (RXTE) as
a 6.848 second pulsed X-ray source (Corbet et al. 2003). Lomb-
Scargle periodograms of the X-ray data reveal a 112.5 day pe-
riod (Galache et al. 2008), although it is uncertain as to whether
this modulation is the orbital period of the system or if it is
driven by the interval between X-ray outbursts. The system was
later detected in a 2006 XMM-Newton observation at the posi-
tion 01h02m53s .1,−72◦44′33′′ .0 (J2000.0). This detection led to the
identification of a V=14.6 optical counterpart (Haberl et al. 2008).
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Figure 1. SXP6.85 X-ray and optical light curves. The top panel shows the
PCA pulsed flux light curve; the middle panel shows the RXTE collima-
tor response to SXP6.85 and the final panel shows the combined MACHO
(red), OGLE II (blue) and OGLE III (black) light curves in the B (MACHO)
and I (OGLE) photometric bands. The MACHO data have been arbitrarily
normalised for viewing purposes.
Follow-up work by McBride et al. (2008) classified the counterpart
as an O9.5V-B0V emission line star.
Previous analysis of MACHO red and blue data by
McGowan et al. (2008) reveals a 620 ± 18 d optical modulation
in which the source brightens by ∼ 0.5 magnitudes. Those au-
thors also show that the source gets redder as it gets brighter.
Schmidtke & Cowley (2007) analysed MACHO and OGLE II data
of the source, finding an optical variation of ∼ 658 days. This
is similar to the value found by McGowan et al. (2008), provid-
ing evidence for a quasi-periodic growth and decay of a circum-
stellar disk. Schmidtke & Cowley (2007) also find a possible pe-
riod of 24.82 days in the OGLE II data. This period is closer
to the expected orbital period of the system based on the Corbet
diagram (Corbet et al. 1986) than the X-ray modulation found in
Galache et al. (2008). In this paper, we present long X-ray and op-
tical lightcurves of SXP6.85 and analysis of X-ray timing and spec-
troscopic data taken by RXTE and INTEGRAL. Near-IR photomet-
ric data taken during the most recent outburst are presented and
compared to near-IR data taken during quiescence to show the con-
nection between optical and X-ray activity in this system. Ground
based Hα spectroscopic observations taken during the recent X-ray
outburst are also presented and the equivalent width and assumed
inclination are used as a simplistic measure of the size of the cir-
cumstellar disk.
2 X-RAY DATA
2.1 RXTE
During the past 11 years, the SMC has been the subject of extensive
monitoring (Laycock et al. 2005; Galache et al. 2008) using the
RXTE Proportional Counter Array (PCA) (see Jahoda et al. (2006)
for instrument details and calibration model). During this time, we
have detected outbursts from SXP6.85 above the 99.99 percent sig-
nificance level on four separate occasions. The full RXTE light
curve is shown in Fig. 1. The red points on the upper two panels
show RXTE detections above the 99 per cent significance level. The
PCA collimator response during the most recent outburst was 0.33,
Figure 2. X-ray pulse period history of SXP6.85 and the significance of
each detection according to a Lomb-Scargle periodogram. Only significant
detections of the pulse period have been plotted; this corresponds with the
99 percent significance level (red points in bottom panel). The pulse period
detected by XMM-Newton in 2006 has been plotted alongside the RXTE
detections (blue point in upper panel; MJD 54011).
except for a period of ∼ 10 days in November 2008 in which an
intense set of observations were carried out pointing directly at the
source. These observations were in addition to weekly monitoring
and were taken due to the unprecedented longevity of the outburst,
which lasted for ∼ 20 weeks. The X-ray outbursts are shown in Fig.
1 between MJD 52700 and MJD 54900, with the detected spin pe-
riod and detection significance plotted in Fig. 2. Data reduction was
performed using Heasoft v.6.6.2 analysis tools.
The timing and spectral analysis presented below is a result
of RXTE and INTEGRAL data taken during the most recent epoch
of pulsed X-ray emission. RXTE observations were made approx-
imately weekly between 2008 August 10 and 2008 December 30.
According to the ephemeris in Galache et al. (2008), the maximum
in X-ray luminosity of the system is expected to occur on 2008
November 23 (MJD 54793). Although this date coincides with the
detection, it is clear that the length and brightness indicate a Type II
outburst and not a smaller Type I outburst usually associated with
passage through periastron. Figure 3 shows RXTE pulse profiles in
the 3-10 keV energy band for 10 observations throughout the out-
burst. The light curves were folded at the pulse period and arbitrar-
ily phase shifted to align the point of minimum amplitude.
2.2 INTEGRAL
The IBIS telescope aboard INTEGRAL, which is optimised for an
energy range of 15-200 keV and has a field of view of 30◦× 30◦, is
uniquely suited to observing large sky areas for point sources. As
part of a key programme monitoring campaign on the SMC and 47
Tuc, INTEGRAL observed the SMC and Magellanic Bridge for ap-
proximately 80 ks per satellite revolution from 2008 November 11
to 2008 December 21. Individual pointings (science windows) were
processed using the INTEGRAL Offline Science Analysis v.7.0
(OSA) (Goldwurm et al. 2003) and were mosaiced into revolution
sky maps using the weighted mean of the flux in the 15-35 keV
energy range. Figure 4 shows the IBIS detections of SXP6.85 plot-
ted over a section of the RXTE pulsed flux light curve from Fig. 1.
These data represent the hard X-ray flux measured from SXP6.85.
The brightest detection at 0.63 cts/s corresponds to a peak lumi-
c© 2009 RAS, MNRAS 000, 1–7
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Figure 3. Pulse profiles of SXP6.85 during the most recent X-ray outburst
(MJD = 54688 - 54830). The profiles are 3-10 keV light curves folded at
the pulse period and have been smoothed and arbitrarily shifted in phase
to align the minima in amplitude. Thus, they are included as a visual rep-
resentation of the changes in the X-ray emission regions on the surface of
the neutron star and do not contain any absolute information regarding the
neutron star phase.
nosity of 1.1×1037 erg/s. The significance of the detection of the
source once all science windows from the 33 d of coverage had
been taken into account was 6.4 sigma. We used the four brightest
detections to make an X-ray spectrum to compare with the softer
RXTE spectrum. The RXTE spectrum was taken on MJD 54772,
approximately 4 weeks before the INTEGRAL data. Although this
is not ideal for comparison, we are limited to the brightest detec-
tions with both satellites and to detections with RXTE in which no
other source was active.
The RXTE and INTEGRAL spectra were fitted with an
absorbed cutoff powerlaw model using XSPEC version 11.3.2
(Arnaud 1996). The absorption was frozen at 6 × 1020 cm−2
(Dickey & Lockman, 1990). The power law had a photon index of
0.8±0.2 with a cutoff at 14.6±9.6 keV. The two spectra were fit with
this model simultaneously with an offset allowed to vary during the
fit. A χ2ν of 0.75 (33 d.o.f) indicates a good fit to the data (see Fig. 5).
Figure 4. Combined RXTE and INTEGRAL light curve of SXP6.85. The
black data points are the 3-10 keV pulsed flux detected with RXTE, while
the blue data points are the 15-35 keV total flux detected with INTEGRAL.
The pulse period in the lower panel is from timing analysis of RXTE data.
The dashed line corresponds to zero flux as detected by IBIS.
This analysis reveals a peak X-ray luminosity of ∼ 7×1036 erg s−1
in the 3-10 keV band, assuming a distance to the SMC of 60 kpc.
Only RXTE spectra in which there was no other detected pulsed
X-ray emission were used to calculate LX . We find that this value
varies by a factor of two during the outburst. Analysis of XMM
data by Haberl et al. (2008) show the source at a higher luminosity,
LX = 2×1037 erg s−1 in the 0.2-10 keV band, and showing variations
of a factor of two in intensity on time scales of ten minutes.
3 OPTICAL AND IR DATA
3.1 OGLE III
The Optical Gravitational Lensing Experiment (OGLE) project has
been steadily monitoring millions of stars in the Magellanic Clouds
for the past 12 years. The 1.3m Warsaw telescope at Las Cam-
panas Observatory, Chile, takes photometric images in the I band,
which now make up a decade long database that includes most of
the HMXB systems in the SMC (see Udalski, Kubiak & Szyman´ski
(1997) and Szyman´ski (2005) for more details on the instrument
and catalogue). The bottom panel in Fig. 1 shows the OGLE II,
OGLE III and MACHO blue light curves of SXP6.85 (blue, black
and red points respectively). The MACHO data have been arbitrar-
ily normalised for viewing purposes.
It is clear that the long period oscillations described in
McGowan et al. (2008) are also present in the OGLE data, indicat-
ing a quasi-periodic brightening that is intrinsic to the Be star; most
likely the growth and decay of the circumstellar disk. Although the
OGLE III light curve does not extend up to the most recent RXTE
detection (this particular source falls on an OGLE chip-gap, thereby
needing a different reduction process to the normal pipeline), it is
apparent that the most luminous X-ray outbursts seem to coincide
with the epochs of maximum optical brightness. This again sug-
gests that the X-ray detections are Type II outbursts, being inde-
pendent of binary phase. However, it is also apparent that there are
2 detections which fall at times of optical minima (Fig. 1 & Fig. 2).
Thus, we cannot rule out there also being accretion onto the neu-
tron star during times of a reduced circumstellar disk. We also note
that the XMM detection is consistent with an optical maximum.
c© 2009 RAS, MNRAS 000, 1–7
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Table 1. IR data of the counterpart to SXP6.85.
Catalogue Reference ID Date (MJD) J H Ks
2MASS1 01025333-7244351 51034.784 14.83 ± 0.04 14.71 ± 0.05 14.78 ± 0.11
SIRIUS2 01025331-7244351 52894.036 14.82 ± 0.02 14.74 ± 0.02 14.57 ± 0.02
Telescope Date (MJD) J H Ks
IRSF 54453 14.84 ± 0.02 14.77 ± 0.02 14.67 ± 0.03
54809 14.53 ± 0.02 14.46 ± 0.02 14.36 ± 0.04
1Skrutskie et al. (2006), 2Kato et al. (2007).
3.2 IRSF
The 1.4m Infrared Survey Facility (IRSF) telescope at the South
African Astronomical Observatory (SAAO) is a Japanese built tele-
scope designed specifically to take photometric data in the J, H
& Ks bands. The SIRIUS (Simultaneous three-colour InfraRed Im-
ager for Unbiased Survey) camera attached consists of three 1024 ×
1024 pixel HAWAII arrays which take simultaneous images in the
three bands (Nagashima et al. 1999). The pixel scale of the chip is
0.45 arcsec per pixel, yielding a 7′.7 × 7′.7 field of view.
Data reduction was performed using the dedicated SIRIUS
pipeline based on the National Optical Astronomy Observatory’s
(NOAO) IRAF software package. The pipeline was provided by
Yasushi Nakajima at Nagoya University, Japan. This performs the
necessary dark subtraction, flat fielding, sky subtraction and re-
combines the dithered images. We generally used 15 dithers at
25s each per target, so a total exposure time of between 350 and
400s for each source. This depth is sufficient to detect sources
down to Ks=17. Photometry on the reduced data was done using
the NOAO/DAOPHOT package in IRAF to extract the J, H & Ks
band magnitudes. The catalogue by Kato et al. (2007) was used to
calibrate the data.
Table 1 shows the J, H & Ks magnitudes of the coun-
terpart to SXP6.85 from both the 2MASS and SIRIUS cat-
alogues (Skrutskie et al. 2006; Kato et al. 2007). The IR po-
sition of the source is agreed by both catalogues to be
01h02m53s.3,−72◦44′35′′ .1 (J2000.0). Below the catalogue values
are the data from two observing runs at the IRSF observatory dur-
ing December 2007 and December 2008. Immediately obvious is
the increase in near-IR brightness of the source between these two
dates, suggesting an increase in the size of the circumstellar disk
building up to the most recent X-ray outburst.
3.3 Optical Spectroscopy
In order to more fully understand the circumstellar disk of the sys-
tem, Hα spectroscopy was obtained simultaneously with the near-
IR photometry using the 1.9-m telescope, Sutherland Observatory,
South Africa. The spectrograph was used with the SITe detector
and a 1200 l/mm grating. The dispersion was 1.0Å/pixel and the
SNR∼ 10. A total of 9 spectra were taken throughout the two weeks
beginning 2008 December 3. This was to check for any short-term
variations in the Hα Equivalent Width (Weq) during the ongoing
Type II X-ray outburst. Details of the observations made and the
measured Weq are shown in Table 2. Data reduction was performed
using standard IRAF routines. In addition, another Hα spectrum
was taken in 2007 September 17 by the European Southern Ob-
servatory (ESO) 3.6-m telescope, La Silla, Chile, shortly after the
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Figure 5. Typical X-ray spectrum of SXP6.85 extracted from an observa-
tion in which no other pulsating sources were in emission to minimise con-
tamination effects. The harder IBIS spectrum (red) was fit simultaneously
with the RXTE spectrum (black) with a freely variable offset. The spectrum
has been rebinned above 15 keV due to low counts. See text for discussion
of model fitted.
optical counterpart had been verified. The EFOSC2 faint object
spectrograph mounted at the Cassegrain focus was used with grism
no:18 with lines ruled at 600/mm and which covered the wave-
length range 4770-6770 Å. Using a slit width of 1′′ resulted in
spectra at a resolution of 5 Å. The data reduction was performed
using standard IRAF routines. The 3.6-m spectrum and one of the
1.9-m spectra are shown in the top and bottom panels of Fig. 6 re-
spectively. All of the spectra described have been smoothed with a
boxcar average of either 5 or 7 Å.
It is clear that there is Hα in emission at both epochs, show-
ing the existence of a circumstellar disk. The higher SNR spec-
trum in the top panel of Fig. 6 shows a single peaked emission line
structure. Using the standard rotation model put forward by Struve
(1930), we suggest this system is of low inclination, with the disk
near face-on to our line-of-sight. Weq measurements suggest that
the Hα line flux has grown in the time since the 2007 observation
by over 50 percent. This along with the IR data presented in §3.2
provides strong evidence that the disk has grown. Figure 7 shows
the 9 Weq measurements from the data taken with the 1.9-m tele-
scope in December 2008. The first three data points have large as-
sociated errors due to the shorter exposure times used (1000s as
opposed to 1500s for the remaining exposures). Even so, it is clear
that, within these errors, there is no evidence for any variation in
Hα emission during the two weeks.
c© 2009 RAS, MNRAS 000, 1–7
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Table 2. Hα Weq measurements of SXP6.85.
Telescope Date Exposure time (s) Hα Weq (Å)
ESO 3.6-m 2007-09-17 1000 3.53± 0.08
SAAO 1.9-m 2008-12-03 1000 5.35± 0.76
2008-12-06 1000 5.31± 0.98
2008-12-07 1500 8.11± 2.62
2008-12-10 1500 4.62± 0.43
2008-12-13 1500 6.21± 0.66
2008-12-14 1500 4.80± 0.21
2008-12-15 1500 5.13± 0.27
2008-12-16 1500 5.96± 0.49
2008-12-16 1500 5.06± 0.41
Figure 6. Top panel: Hα spectrum of SXP6.85 taken with the ESO 3.6-m
telescope on 2007 September 17. Bottom panel: Hα spectrum of SXP6.85
taken with the SAAO 1.9-m telescope on 2008 December 16.
4 DISCUSSION
The optical light curve of SXP6.85 displays long-term, quasi-
periodic variations which are most likely associated with the
growth and decay of the Be star’s circumstellar disk. Changes in
the (B-R) colour support this idea. By comparison with the X-ray
light curve we find that at least two of the X-ray outbursts are con-
sistent with optical maximum. This has also been observed in other
such systems (see Fig.2 of Schurch et al. (2009)).
The X-ray light curve shows no periodic behaviour that can
be attributed to a binary period. All the detected outbursts seem
to be driven by the intrinsic behavior of the Be star. We note that
only small fluctuations in the pulse period are observed and that
these show no correlation with time. Of greater interest is the pulse
period history of the most recent Type II outburst (MJD 54688 -
MJD 54830), which shows no general spin-up trend. This is an un-
usual observation as most HMXB systems show spin up of the neu-
tron star during Type II outbursts due to the high accretion torques
present.
Although we were unable to gain any quantitative handle of
how the pulsed emission changed during the outburst, the pulse
profiles show very complex double and triple peaked structure (see
Fig. 3). This tells us much about the geometry of the system and
of the beam emission regions: We see both poles from the pul-
sar, with the emission from the poles asymmetrical and, except for
the profiles corresponding to MJD = 54725 and 54744 in Fig. 3,
always favouring one pole. This implies accretion onto the poles
is asymmetric. The variability in the shape and width of the most
prominent peak suggests we are seeing both fan and pencil beam
emission. However, it has been observed that pulse profiles are very
messy at low energies, with the possibility that the absorption is
varying with neutron star spin phase, so it is difficult to confirm
that we are indeed seeing both fan and pencil beams in these en-
ergy ranges. Basko & Sunyaev (1975) theorise that pencil beams
should be dominant under low accretion rates (hence low luminosi-
ties) and that fan beams should dominate at high accretion rates,
as the radiation is strongly absorbed by the infalling material and
can largely only be emitted sideways. However, from the profiles
presented here there seems to be no clear dependence of the profile
shape on flux.
The pulsed fraction calculated from the folded light curves is
shown in Fig. 8. The formula used in these calculations is given in
Eqn. 1. We show that there is considerable variation in the mea-
sured pulsed fraction throughout the outburst, with the source ap-
pearing to increase and then return to some base level.
PulsedFraction = (Fmax − Fmin)(Fmax + Fmin) (1)
We note that the pulsed fraction is only correct if SXP6.85 was
the only source detected in that observation. If other sources were
detected, then the base emission includes emission from those ob-
jects and as such the pulsed fraction is only the lower limit of the
actual value. We find a marginal correlation between source in-
tensity and pulsed fraction, which could be attributed to the frac-
tional change in the contribution of quiescent sources in the field.
Transient sources have been previously detected at low luminosi-
ties while in quiescence (i.e. without any pulsed emission). There-
fore, although we can be sure there was no bright pulsed emis-
sion from any source in the field of view, we cannot be certain that
there was no continuous emission. The values presented in Fig. 8
are a factor of three lower than the value presented in Haberl et al.
(2008), having taken the method of calculating the pulsed fraction
into account. This implies either a significant contribution from
background sources to the RXTE spectrum or that there has been a
dramatic change of pulsed emission between the two observations.
Those authors also find that SXP6.85 has one of the hardest spec-
tra of known HMXB systems with a photon index of ∼ 0.4. This
also suggests that there is contamination from other sources in the
RXTE spectrum, softening the powerlaw photon index to the value
of 0.8 found in this study.
It has been observed in other Be/X-ray binary systems that the
(J-K) colour often remains constant for long periods of time despite
dramatic changes in near-IR magnitude (e.g. Coe et al. (2006)).
SXP6.85 also exhibits this behavior as can be seen in Table 1. The
brightness of the system has increased by almost one third of a
magnitude in the year between the two IRSF observations. How-
ever, the (J-K) colour has remained unchanged at 0.17. This is in-
dicative of the temperature of the circumstellar disk remaining con-
stant, whilst the increased brightness indicates the surface area of
the disk has increased. It is possible to make a rough guess at the
size of the circumstellar disk using the Hα Weq measurements and
making some assumptions on inclination and optical depth. Using
the models of Grundstrom et al. (2007), we estimate the disk half-
width at half-maximum (HWHM) radius to be approximately 3 R∗
on 2008 December 16 and approximately 2.7 R∗ on 2007 Septem-
ber 17, an increase of over 11 percent in the year leading up to the
recent Type II outburst. In this calculation we do not take into ac-
count any truncation caused by the neutron star and we make some
approximations regarding the binary system: the effective tempera-
c© 2009 RAS, MNRAS 000, 1–7
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Figure 7. Hα Weq measurements of SXP6.85 taken at the SAAO 1.9-m tele-
scope during December 2008. The large error bars associated with the first
three values are due to a lower SNR from shorter observations. The horizon-
tal dashed line represents the Hα Weq of the source during the September
2007 observation. The associated error in this case is much lower due to the
higher SNR that can be obtained at the ESO 3.6-m telescope.
ture of the star is 30000 K, the inclination is 10◦, the optically thin
outer boundary of the disk is at 50 R∗ and the disk continuum di-
lution factor is 0.0033 (Dachs et al. 1988). See Grundstrom & Gies
(2006) and Grundstrom et al. (2007) for more detail on the model
input parameters. The key thing to note is that varying the disk
outer boundary by factors of 2-3 changes the calculated HWHM
radius by approximately 10 percent as the model assumes a small
contribution to the Hα flux from the optically thin part of the disk.
Thus, the relative growth of the disk is set by the model despite the
uncertainty in the actual radius. We also note that the 2008 mea-
surement was made after SXP6.85 had been in outburst for more
than 16 weeks, and as such the disk may have been significantly
larger at the start of the outburst than the value estimated here. If
we consider the IR magnitudes taken in December 2007 and De-
cember 2008, this yields a fractional increase in brightness of 1.33;
a factor of three higher than the prediction made using the equiv-
alent widths. The OGLE light curve shows variations on the order
of 0.7 magnitudes over the entire epoch of coverage, corresponding
to a factor of 1.9 in brightness (here we assume that the change in
flux is proportional to the change in surface area of the disk, which
is reasonable for an optically thick disk). If we assume that the re-
cent X-ray activity occured during an optical maximum and that
the disk HWHM at this time was ∼ 3 R∗, this implies the minimum,
or quiescent, level of the disk is at ∼ 1.5 R∗. Clearly these are rough
estimates based on some simplistic approximations. More detailed
modelling is encouraged to reveal a more accurate description of
the circumstellar disk in this system.
5 CONCLUSIONS
The X-ray and optical data presented here are evidence that
SXP6.85 is indeed a Be/X-ray binary system. The X-ray light curve
shows the transient nature of the source, whilst the optical and near-
IR data suggest there are quasi-periodic modulations that are intrin-
sic to the Be star that are likely to be associated with the extended
envelope of matter in the equatorial plane of the companion. Hα
flux measurements show that an extended disk is indeed present
in this system, with the shape of the emission line suggesting low
Figure 8. Pulsed fraction as a function of time in the 3-10 keV band for the
most recent SXP6.85 outburst. The data show variations of a factor of two
in pulsed fraction on the timescale of days. The definition of pulsed fraction
used in this work is given in the text.
inclination to the observer. The small variation in the spin period
is also evidence of a low inclination system, assuming the circum-
stellar disk and the neutron star orbit lie in the same plane. Weq
measurements of the Hα line reveal a growth in the emission of Hα
photons from the system which is most likely a result of an increase
in the size of the circumstellar disk; an argument that is supported
by the increase in optical luminosity that culminated in the most re-
cent epoch of pulsed X-ray emission from the neutron star. Folded
X-ray light curves reveal the geometry of the emission region on
the surface of the neutron star and show the highly variable nature
of the accretion region. Finally, a simple estimate of the radius of
the circumstellar disk was made, quantifying the size of the disk
during periods of X-ray activity and during quiescence.
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